While performance since the introduction of the JACIE quality management system has been shown to be improved for allogeneic hematopoietic stem cell transplants (HSCT), impact on autologous-HSCT remains unclear in Europe. Our study on 2697 autologous-HSCT performed in adults in 17 Belgian centres (2007)(2008)(2009)(2010)(2011)(2012)(2013) aims at comparing the adjusted 1 and 3-yr survival between the different centres & investigating the impact of 3 centre-related factors on performance (time between JACIE accreditation achievement by the centre and the considered transplant, centre activity volume and type of HSCT performed by centres: exclusively autologous vs both autologous & allogeneic). We showed a relatively homogeneous performance between Belgian centres before national completeness of JACIE implementation. The 3 centre-related factors had a significant impact on the 1-yr survival, while activity volume and type of HSCT impacted the 3-yr survival of autologous-HSCT patients in univariable analyses. Only activity volume (impact on 1-yr survival only) and type of HSCT (impact on 1 and 3-yr survivals) remained significant in multivariable analysis. This is explained by the strong relationship between these 3 variables. An extended transplantation experience, i.e., performing both auto & allo-HSCT, appears to be a newly informative quality indicator potentially conveying a multitude of underlying complex factors.
Providing both autologous and allogeneic hematopoietic stem cell transplants (HSCT) may have a stronger impact on the outcome of autologous HSCT in adult patients than activity levels or implementation of JACIE at Belgian transplant centres 
Introduction
Hematopoietic stem cell transplantation (HSCT) following high-dose chemotherapy with or without radiotherapy is widely used for the treatment of malignant and non-malignant diseases [1] [2] [3] [4] . Over the years, a better control of the different transplant-related toxicities reduced post-transplant morbidity and mortality. Given the balance between pros and cons, autologous-HSCT (auto-HSCT) are mostly performed for the treatment of lymphomas, plasma cell disorders and certain solid tumours, and allogeneic transplants (allo-HSCT) mainly for acute leukemias, myelodysplastic syndromes and myeloproliferative neoplasms, as well as a number of non-malignant disorders [5] [6] [7] [8] [9] . The advantages of autologous over allogeneic transplants (allo-HSCT) are the lower risk of life-threatening complications, such as graft-versus-host disease, graft failure and infections. Moreover, treatment-related mortality (TRM) is lower and auto-HSCT are relatively well tolerated by elderly patients [10] [11] [12] [13] . However, the use of a patient's own stem cells has certain disadvantages. The autograft may be contaminated with tumour cells and patients do not benefit from the potent immune-mediated graft-versus-tumour effect as observed after allo-HSCT, explaining the higher relapse rate after auto-compared to allo-HSCT [6, 10, 11, 14] .
Quality management organizations were launched end of the 1990's, FACT (Foundation for the Accreditation of Cell Therapy) in the USA followed by JACIE (Joint Accreditation Committee-ISCT [International Society for Cellular Therapy] & the EBMT [European Society for Blood and Marrow Transplantation]) in Europe (https://www.ebmt. org/jacie-accreditation) to improve the quality of HSCT [15] . While increasing evidence suggests that patient outcome has been improved for allo-HSCT since the introduction of the JACIE quality management system (QMS) [16] [17] [18] , results remain contradictory for auto-HSCT in Europe. A preliminary retrospective observational study showed a significant improvement in relapse-free survival when the centre was further along in the JACIE accreditation process [16] . However, these findings were no longer observed with 5 more follow-up years of the same EBMT cohort (66 281 auto-HSCT between 1999 and 2007) [1] .
In Belgium, all centres performing HSCT needed to achieve JACIE accreditation by the end of 2017 to get reimbursement [19] . The Belgian Cancer Registry (BCR) has a lot of expertise in collecting, handling, quality controlling, coding, analysing and reporting on cancer-related public health data [20] . Thanks to collaboration between the BCR and the Belgian Haematology Society (BHS), it was decided in 2012 to maintain a Belgian Transplant Registry (BTR) at the BCR. The initial data are downloaded from the EBMT-ProMISe database and handled by the joint effort BCR-BHS. The BTR is a good starting point for reporting transplant centre-specific survival rates after HSCT as already required in other countries, such as the USA, in the frame of QMS.
The present study aims at comparing adjusted survival between the different auto-HSCT centres and investigating the impact of 3 centre-related factors on the performance in Belgium.
Patients and methods

Data collection
Data on all HSCT performed in Belgium between 2007 and 2013 were obtained through a download of the full Minimal Essential Data (MED-A) which are directly introduced by each participating Belgian centre into the ProMISe database. The downloaded file was checked and centres were asked to correct contradictory results and to fill out missing variables. The national social security identity number for each patient was requested to obtain the vital status for outcome analysis. If needed, a data-manager collected the data on-site.
Vital status and date of death/censoring
As the BCR is enabled by law to retrieve vital statuses by coupling its database to the national Crossroads Bank for Social Security, vital statuses were obtained for the BTR database entries. Follow-up was collected until 31 December 2015. Patients alive at the follow-up end are censored at the end of follow-up and patients who are lost to follow-up are censored at earlier dates. The unit of analysis in the study was the transplant, therefore patients could participate more than once if they received several transplants. For those cases, the vital status of the patient was only used for the last transplant. Other transplants are censored at the date the next transplant takes place. In total, 15% of patients in the complete database (both auto and allo-HSCT) have more than one transplant.
Exclusion criteria
A total of 2979 auto-HSCT from 22 Belgian centres were registered over the 2007-2013 period. Our target population for all survival analysis was adult patients undergoing auto-HSCT for hematological disorders. Patients younger than 16 years (n = 121) and transplants for solid tumours were excluded (n = 77). Centres that performed less than 5 auto-HSCT per year on average were excluded (n = 79 transplants from 3 centres), according to the FACT-JACIE standards [15] . Finally, 5 records had a missing vital status, resulting in a total of 2697 auto-HSCT records for outcome analyses from 17 Belgian centres.
Observed survival
The observed survival rates are reported at one year and 3 years after transplant with a minimal follow-up of at least 2 years. Observed survival was calculated with the KaplanMeier method using a semi-complete cohort analysis approach.
Adjusted survival
Variables used in the multivariable models • Age of the patient at transplant divided into 4 categories: 16-19 years, 20-39 years, 40-59 years and ≥60 years.
• Gender of the patient: male versus female.
• Performance status before transplant assessed with the Karnosfky scale: 2 main categories were considered, 90-100 (well performing patients) versus 0-80 (less well performing patients).
• Disease risk index (DRI) adapted from [21] , which is a 4-level grouping scheme (low, intermediate, high and very high) combining three major prognostic factors for HSCT outcome: diagnosis, disease status and genetic aberrations. The genetic risk groups are only defined for patients with the diagnosis of acute myeloid leukemia (adapted from the ELN stratification [22, 23] ) and myelodysplastic syndrome (adapted from the IPSS score [24] ).
• Transplant number: all transplants of patients who received multiple HSCT (autologous and/or allogeneic) were ordered in time and given a transplant number accordingly.
• Time between diagnosis of the disease and auto-HSCT: 2 categories were considered, <18 and ≥18 months.
Generalized linear regression model (GRp model)
In order to fairly compare survival estimates across the different Belgian transplant centres, the overall survival rates were adjusted for the different confounders as mentioned above. This was done by applying a fixed effects censored data generalized linear regression model [25, 26] [Supplementary Data]. Separate models were applied to 1 and 3-year survivals. All relevant covariables were entered into the GRp model and a backward elimination procedure based on Akaike's information criterion (AICc) [27] was used to define the list of covariables that most strongly predicted 1 or 3-year survival. Transplant year, Karnofsky performance status, DRI and the total number of performed transplants were retained for 1-year survival by the AICc selection. In addition to these 4 variables, age of the patient at transplant and time between diagnosis and transplant were selected for the endpoint of 3-year survival.
Once the models were built, accurate predicted survival rates based on the centres' case-mix were obtained. The centre was not included as a confounder in the analysis but the centre effect was indirectly assessed. As such it assumes that the Belgian transplant recipients are dying at the same uniform rate across all transplant centres, after adjusting for the main prognostic covariables (i.e., the case-mix). Subsequently, confidence limits for the centre-specific predicted survival estimate are calculated by a bootstrapping methodology [28] . We state that when the observed survival lies outside of the bootstrap-predicted 95% intervals, the centre 7is over or under-performing the overall network of centres [28] . These results are summarized by forest plots (Figs. 1a, b) for all centres.
Odds ratio
Another goal of this study was to assess the impact of three centre-related factors on the performance of the auto-HSCT centres:
• Centre activity volume: annual number of auto-HSCT performed by each centre (continuous variable).
• Type of transplant performed by each centre: centres that exclusively perform auto-HSCT, vs centres that perform both auto and allo-HSCT. Centres performing at least 35 allo-transplants over the whole period were defined as 'both auto and allo-HSCT', while those providing less than 5 allo-HSCT per year on average were labelled 'only auto-HSCT' centres. These centre-related variables were added to the GRp models. This enabled us to explore their effect while adjusting for the other, patient and transplant-related confounders that were already found to influence survival. As the continuous centre activity volume and JACIE accreditation time were found to have a linear relationship with 1 and 3-yr survival, centre volume was divided by 50 and JACIE time by 365.241 so that every unit increase would actually correspond to an increase of 50 transplants (volume) and 1 year (JACIE). No interactions were included in the final model because no interactions for a selection of variables (backward type) remained in the 1-yr survival model, and only interaction between the centre activity volume and the centre type in the 3-yr survival model. However, the interpretation of this interaction is difficult as the centre activity volume variable is not significant.
Results
Diagnostic indications for transplant
Diagnostic indications are listed in Table 1 for 
Outcome analysis
Descriptive analysis Table 2 shows the variables selected for the multivariable analysis on the 2697 auto-HSCT. Most transplants were performed in patients between 40 and 59 years of age (49.2%) and within 18 months after diagnosis (71.6%). In 66.6% of the transplants, the patients had an intermediate DRI index. Nearly 90% were first auto-HSCT and 9.6% were second transplants.
Adjusted survival
Observed survival was 88 and 77% at 1 and 3 years, respectively. The overall adjusted survival for the whole of Belgium was 89% at 1 year and 78% at 3 years. For 1-yr survival, 2 out of the 17 centres were found to be overperforming the general network of Belgian auto-transplant centres versus 3 underperforming centre (Fig. 1a) . For 3-yr survival, 2 centres were overperforming and 1 underperforming (Fig. 1b) .
Impact of centre-related indicators
The impact of three additional factors on the 1-yr and 3-yr survival was investigated (Fig. 2) : the JACIE accreditation time of the transplant, the type of transplant performed by the centre and the centre activity volume. Univariable analysis showed that each of the 3 variables had a significant impact on 1-yr and centre volume and type of transplant on 3-yr survival (only a trend for JACIE accreditation time). However, when the 3 variables were added simultaneously in the adjusted model, (i) the JACIE accreditation time of centres had no significant impact on 1-yr or 3-yr adjusted survivals; (ii) increasing centre activity volume significantly improved survival at 1 year (p = 0.0022) but not at 3 year (p = 0.5341); (iii) performing both auto-and allo-HSCT had a significant positive impact on both 1-year (p = 0.0349) and 3-year survival (p < 0.0001) (Fig. 2) .
The 3 represented by the dot, is higher or lower than the upper or lower limit of the confidence interval, there is evidence of the centre overperforming or under-performing, respectively, the overall network of Belgian centres. Note that centres are not displayed in a particular order (e.g., by centre activity volume) in order to preserve anonymity perform both autologous and allo-HSCT tend to have a higher activity volume than centres that exclusively perform auto-HSCT (median number of transplants: 158 versus 104, p = 0.072). Finally, only one out of 6 centres that exclusively perform auto-HSCT achieved JACIE accreditation compared to 9 out of 11 centres that perform both autologous and allo-HSCT.
Discussion
The aim of this study was to describe patient-and transplant-related covariables influencing short (1-year) and longer term (3-year) survival of auto-HSCT recipients in Belgium. Survival within the first year is considered as a better measure of the toxicity of the transplant procedure itself thereby evaluating the specific transplant performance of each centre, whereas survival beyond the first year may be more severely impacted by disease relapse (which depends on the disease status at transplantation and the time from diagnosis to transplant) [28] . In the FACT-JACIE standards, the 1-yr survival outcome is used to compare the performance of the centre to (inter)national outcome data and JACIE standard B4.7.5 states that 'If expected 1-year survival outcome is not met, the Clinical Program shall submit a corrective action plan' [15] . Our study gives the opportunity for centres to meet this standard and, if necessary, to implement a corrective action plan to improve outcomes. In our study, the 2 additional covariables retained for survival at 3 years by the backward selection procedure, i.e., age at transplantation and time between diagnosis and transplant, confirm the arguments of Logan et al. [28] . Our multicentre study had several limitations, i.e., exclusion of small centres, transplant as the unit of the study instead of the patient, incomplete case-mix, not including comorbidities, conditioning regimens…). Despite a relatively homogeneous performance between centres, two of them were found to be over-performing and three (only one at 3 years) under-performing. We further examined some centre characteristics potentially contributing to these differences.
QMS, such as JACIE, have been developed to increase harmonization and standardization of HSCT with the final aim to improve patient care and outcome. The aim of the JACIE accreditation time variable is to measure the impact of being in an accreditation process, which results from a prolonged preparatory work starting several months before accreditation achievement. JACIE accreditation time throughout the study period had no effect on short term or longer term survival. As Belgian centres implemented this QMS with different timings from 2008, the impact of For further analysis, 161 transplants were excluded as described in the exclusion criteria of the Patients and Methods section a other plasma cell disorders include plasmacytoma (solitary plasmacytoma of bone, multiple plasmocytoma), plasma cell leukemia and POEMS syndrome JACIE implementation may be underestimated by the short periods of accreditation. Gratwohl et al. [16] . did not show a significant impact of JACIE accreditation on long-term outcome of auto-HSCT (as observed for allografts [16, 29, 30] ), but a stepwise improvement in outcome depending on the particular phase of the accreditation process at the time of transplant [17] . However, JACIE accreditation status significantly influenced outcome of auto-HSCT in specific indications, such as autoimmune diseases [31] .
Several studies showed that overall survival, treatment failure and TRM were influenced by centre activity volume for allo-HSCT, with thresholds for high volume centre varying from 3 to 45 transplants per year [32] [33] [34] [35] [36] [37] [38] . Data on auto-HSCT remain limited [28, 38] . Our study showed that transplant centre activity volume had a significant impact on survival of auto-transplant patients at 1-year, even after exclusion of very low volume centres. We excluded such centres that did not meet a minimal threshold of activity for statistical reasons. However, this number is also in line with JACIE standards that require a minimum of 5 autotransplant patients on average per year [15] .
We also identified an influence of the type of transplants centres perform. Patients transplanted in centres that performed both allo and auto-HSCT had significantly higher 1 and 3-year survivals than in centres only performing auto-HSCT. The three additional centre-related factors, JACIE accreditation time, type of transplant and activity volume, are strongly related. It is noteworthy that over-performing centres had all a mixed allo-and auto-HSCT activity while under-performing centres were all among centres performing only auto-HSCT. The JACIE accreditation process may have 'forced' centres to structure and optimize care, which is easier from a logistic point of view for large centres with more expertise. So, we believe that any of these three related factors can be seen as a proxy for centre 'expertise'. It is not clear which factor of the three is more important than the others. The stronger impact of the type of transplant centre and to a lesser extent of the centre activity volume compared to achieving JACIE accreditation may be explained by the fact that the impact of quality management may be efficient long before accreditation. The type of transplant centre variable appears to be a newly identified and informative indicator which conveys a multitude of underlying complex factors: it may indicate the usefulness of a large centre mastering different HSCT techniques and engaged in a quality system.
A GRp model on pseudo values was applied [25] . This model has several advantages: instead of modelling the hazards (e.g., the Cox model), the survival probability is directly modelled. A direct link between certain factors and their influence on survival time can thus be drawn and easily communicated. Moreover, this method can also be applied when the proportional hazards assumption does not hold, which was the case for some of the covariables under study. Since 'centre' is not added to the model, we are applying an indirect way of standardizing centres. In a large simulation exercise (data not shown) in which we compared direct to indirect standardization of centres using the GRp model, we have found that both have advantages and disadvantages. A patient may have received several auto-HSCT or a combination of both auto-and allo-HSCT during the period in which transplants were registered into The final results showed little to no difference globally and on the level of the individual centres. Given these conclusions and the fact that only 15% of patients contribute more than one transplant, we believe the bias to be minimal.
In conclusion, the results presented here are the first on the Belgian transplant level and the first to identify centre activity as predictor of survival after auto-HSCT. This study shows relatively homogeneous performance between Belgian centres before complete JACIE accreditation implementation at the national level. Feedback reports for each centre with comparison to national and even international activities may stimulate continuous quality improvement in the field of HSCT [15] . Further studies with a longer period of accreditation to better assess the survival improvements of the implementation of a QMS in auto-HSCT are however, warranted.
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